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WHAT IS CLAIMED IS : 
1. 



An appa'^tus for eS^iciently deflecting light from 
an optical fiber around a corner, Ncomprising : 



a first port adapted to 
fiber and to receivAlight with\ 
than 90 degrees fromAs-he axis o 

a non-imaging op.-m_dal wa 
first port, and adapted^ to direct 
and \ 



coupled to said optical 

^rgence angles of less 
saaja optical fibers- 
connected to said 
ght around said corner; 



a second port connected to said\non-imaging optical 

\ 

waveguide . ^ 
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2. The apparatus of claim 1 further comprising: 
a non-imagin\^ptical concentrator for delivering a 
beam of light haviAo half-angle divergence of 90 degrees, 
connected between s^d optical fiber and said first port. 




3. 'I^e apparatus of claim 2 further comprising: 
a secon^^ non-imaging optical concentrator, its high- 
divergence sid\ connected to said second port. 
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4 . The apparatus of. claim 1 wherein said second port 
is adapted to direct lig^t from said optical fiber to a patient, 
and further comprising: 

a third port adabted to be coupled to a second optical 
fiber and direct lightXto said second optical fiber with 
divergence angles of le^s than 90 degrees from the axis of 
said second optical fibe 

a second non-imagi 
said third port, and ac 
corner; and 

a fourth port connectedV to said second non-imaging 
optical waveguide and configured to receive reflected light 
from said patient. 



)tical waveguide, connected to 
£d to direct light around a 
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5. The appar^us of claim 2 wherein said non-imaging 
optical waveguide comprises^va curved reflective segment connected 
between said first port and s^id second port. 

^^^\~J ^' Yhe apparatus of claim 5 wherein, in any section 
parallel to the Vlane of the bend, said curved reflective section 
appears as an arc\of a circle. 



1 7. The Apparatus of claim 5 wherein said curved 

2 reflective segment ilte an inner curve, further comprising a second 

3 curved reflective segment as an outer curve. 
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8. The apparatus of claim 1 wherein: 
every section parallel to the plane of the bend is 

identical, and 

upper and l&wer surfaces of said non-imaging 
optical waveguide are planair reflective surfaces. 

9. Xrhe apparatus of claim 6 wherein said arc has a 
radius of the v^dth of said first port, and a center at an end of 
said first port ^t an inside of said turn around said corner. 

10. The apparatus of claim 9 wherein said arc extends 
to said second port at an angle of 60 degrees from a plane of 
said first port. 



1 11. The apparatus of claim 9 wherein said arc extends 

2 to said second port at an angle not exceeding (90°+(j))/2, where <j) 

3 is the maximum half-angular divergence of rays entering said 

4 first port. 



12. The apsjaratus of claim 1 further comprising: 
a non-imaging^ -fc^tical concentrator for delivering a 
beam of light havii^ half -angle divergence of 90 degrees, 
connected between^/said optical fiber and said first port; 
and 
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6 wherein said nom-imaging optical waveguide comprises a 

7 first curved reflective segment extending along an outside 
g ^ of a turn around of salul corner, and a second curved 

9 reflective segment extemding around an inside of said turn 

around said corner. Vi/ 

1 13. The apparatus^rm claim 12 wherein, in any section 

2 parallel to the plane of the bemd, said first curved reflective 

3 segment appears as a section of h first ellipse and said second 

4 curved reflective segment appeara as a section of a second 

5 ellipse. \ 



1 14. The apparatus of claim 13 wherein 

2 said first ellipse has foci at ends of said second 

3 curved reflective segment; and 

4 said second ellipse has foci at ends of said first 

5 curved reflective segment. 



1 15. \ The apparatus of claim 14 wherein: 

^very section parallel to the plane of the bend is 
identical, and \ 

upjDer and lower surfaces of said non-imaging 
optical waveguide axe planar reflective surfaces. 



16. The apparatus of claim 14 wherein: 

said non-imaging optical concentrator is of the 3D 
type, and \ 

in every sectiCnJparallel to the plane of the bend, 
said first curved reflectd>^^ segment is of such size as to 
contact the outer edge ofs^aSd first port and said second curved 
reflective surface is of such Vlze as to contact the inner edge 
of said first port .^^^^^^^^^^^^^^.^.-^ — ^ \. 

17. The apparatus of cladm 1 wherein said non-imaging 
optical waveguide comprises: \ 
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a first reflecnive segment extending along an inside of 
a turn around said c®rner from said first port to said 
second port, such that in any section parallel to the plane 
of the bend, said firajt reflective segment appears as a 
straight line; and 

a second reflectiVe segment extending along an outside 
of said turn around said corner. from said first port to said 
second port, such that lin any section parallel to the plane 
of the bend, said second reflective segment appears as a 
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curve comprising 

a first paral 
first port, 

an elliptical 
parabolic 

a seconc 
elliptical segme 



)lic segment extending from said 

jient extending from said first 
land/ 

)lic segment extending from said 
:o said second port. 



1 18. The apparatus hf claim 17 wherein: 

2 every section g>arallel to the plane of the bend is 

3 identical, and 

4 upper and lower\ surfaces of said non-imaging 

5 optical waveguide are planar reflective surfaces. 

1 19. The apparatus of\ claim 17 wherein: 

2 said first port is circular in cross section, and 

3 in every section parallel to the plane of the 

4 bend, said first curved reflective segment is of such size as to 

5 contact the outer edge of said first port and said second curved 

6 reflective surface is of such sizp as to contact the inner edge 

7 of said first port. 



1 20. The apparatus of claim 17 wherein said elliptical 

2 segment is so constructed that the slope of said elliptical 

3 segment is equal to slopes of said first and second parabolic 

4 segments at their respective points of intersection. 
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1 21. The apparatus of claim 17 wherein said elliptical 

2 segment has foci at the ends of said first reflective segment. 

1 22. The apparatus of claim 17 wherein said first 

2 parabolic segment has a focus at an intersection of said planar 

3 reflective segment and said second port. 

1 23. The apparatus of claim 17 wherein said second 

2. parabolic segment has a focus at an intersection of said first 

3 reflective segment and said first port. 
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24. Xrhe apparatus of claim 17 wherein said second port 
is at an angle at less than ninety degrees from said first port, 
and further comprVsing: 

a third \>ort around a second corner from said second 

port ; 

a third re^flective segment extending along an inside of 
a turn around sa\d second corner from said second port to 
said third port, 2such that in any section parallel to the 
plane of the bend,\said third reflective segment appears as 
a straight line; anc 

a fourth reflec-^ive segment extending along an outside 
of said turn around said second corner from said second port 
to said third port, su^]a--Wq^t in any section parallel to the 
plane of the bend, said\fo/irD^ reflective segment appears as 
a curve comprising: 

a third parab/l\c segment extending from said 

second port, 

a second elliptical segment extending from said 
third parabolic segment^ and 

a fourth parabolic \segment extending from said 
second elliptical segment to said third port. 



1 25. The apparatus of claipji 1 wherein said first and 

2 second ports are rectangular. 
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26. The apparatu\ of claim 1 wherein said first and 
second ports are circular. 

27. Am apparatus comprising: 
a first \ptical fiber; 

a first p$)i,rt coupled to said first optical fiber; 
a first nor^imaging optical waveguide, connected to 
said first port, Nand adapted to receive light with 
divergence angles Vip to the maximum angle which can 
propagate with low Uoss in said first fiber optic around a 
90 degree corner; 
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a second port coknected to said non-imaging optical 
waveguide t^d^rect lig^ht to a patient; 
a second optical fa^ber; 

a third port coupled to said second optical fiber; 

a second non-imaging pptical waveguide, connected to 

\ 

said third port, and adapte'd to direct light around said 90 
degree corner to said secondX optical fiber with divergence 
angles up to the maximum thatVcan propagate with low loss in 
said second optical fiber; and 

a fourth port connected to>said second non-imaging 
optical waveguide and configured \:o receive reflected light 
from said patient, 

28. An optical b*4.am delivery system comprising at 
least one optical fiber and ^ non-imaging corner turner according 
to claim 1. 



29. An optical beam delivery system comprising at 
least one optical fiber \nd a non-imaging corner turner according 
to claim 27 . 



30. An optical beam delivery system according to claim. 
28, in which said non-imaging\ corner turner is integrally molded 
upon an end of said optical fiber. 
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1 31. Ari optical beam delivery system according to claim 

2 29, in which*=v^idvi non-imaging corner turner is integrally molded 

3 upon an end or said optical fiber. 

1 32. A method for designing a 3D non-imaging corner 

2 turner, said corner turner having an input port and an output 

3 port, and having an intended range of angles of output light rays 

4 comprising the steps of: 

5 selecting an initial geometry for said 3D non-imaging 

6 corner turner such that every section of said corner turner in a 

7 plane parallel to the plane of the bend is -approximately 

8 equivalent to an in-plane section of a 2D non-imaging corner 
£□ 9 turner; and 

^ 10 optimizing said corner turner, further comprising the 

pi 11 steps of: 

12 computing a merit function for said corner turner, said 

SI 13 merit function comprising a measure of the fraction of optical 

14 power entering said input port which is delivered to said output 

M 15 port within said intended range of output ray angles ; 
12 16 adjusting the corner turner geometry based upon results 

Q 17 of computing step; and 

J1 18 successively applying the computing and adjusting steps 

19 until an optimal non-imaging corner turner geometry is reached. 

1 33. The method of claim 32 wherein said measure is a 

2 fraction of light rays entering said input port which are 

3 delivered to said output port within said intended range of 

4 output ray angles. 

1 34. An apparatus for efficiently deflecting light from 

2 an optical fiber around a corner, comprising: 

3 an afferent light guide having a core; 

4 a corner turning optical\'structure ; 

5 an interface defined between said afferent light guide 

6 and said corner turning optical structure, forming a corner 

7 turner side and an afferent light guide side, and 
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8 a defined special angle of incidence measured from a 

9 normal to said interface, said interface having a special 

10 property of reflecting with high probability any light rays which 

11 strike it from a corner turner side, if such rays exceed said 

12 defined special angle. 

1 35. The apparatus of claim 34 wherein said core of 

2 said afferent light guide has a first refractive index, n^, and 

3 said corner turning optical structure is comprised of a body of 

4 material having a second refractive index, n2, wherein n2 is 

5 greater than n^. 

1 36. The apparatus of claim 34 wherein said special 

2 property is caused by Total Internal Reflection (TIR) . 

1 37. The apparatus of claim 34 wherein a single-layer 

2 or multi-layer dielectric coating is applied at said interface, 

3 whereupon an optical interaction between said coating and said 

4 afferent light guide and said corner turning optical structure 

5 causes said special property. 

1 38. The apparatus of claim 34, further comprising an 

2 efferent light guide, and 

3 a second interface defined between said efferent light 

4 guide and said corner turning, optical structure to form a corner 

5 turner side and an efferent light guide side, 

6 said second interface having a second defined special 

7 angle of incidence measured from a normal to said second 

8 interface, 

9 said second interface having a second special property 

10 of reflecting with high probability any light rays which strike 

11 it from the corner turner side, if such rays exceed said second 

12 defined special angle . 
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39. The apparatus of claim 38, wherein said second 
special property is caused by Total Internal Reflection (TIR) . 
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1 40. The apparatus of . claim 38, wherein a single-layer 

2 or multi-layer dielectric coating is applied at said second 

3 interface, whereupon an optical interaction between said coating 

4 and said efferent light guide and said corner turning optical 

5 structure causes said second special property. 

1 41. The apparatus of claim 38, wherein said efferent 

2 light guide has a core having a refractive index and said 

3 corner turning structure has a refractive index of n2, where n2 is 

4 greater than n3. 

1 42. An apparatus for deflecting light around a corner 

2 while conserving etendue, comprising: 

3 an afferent optical light guide for delivering an 

4 afferent beam of light at a maximum divergence half-angle less 

5 than 90 degrees, 

6 a non-imaging optical corner-turning structure having 

7 an exit port adjoining said afferent optical light guide to form 

8 an interface, 

9 said corner-turning structure and said interface being 

10 adapted to prevent light entering said corner-turning structure 

11 from returning to said afferent optical light guide. 



1 43. The apparatus of claim 42 wherein said corner- 

2 turning structure further comprises a plurality of reflective 

3 optical surfaces which direct light to pass through said exit 

4 port operative to prevent light return. 



1 44. The apparatus of claim 42 wherein said corner- 

2 turning structure and said interface achieve said prevention of 

3 light return by utilizing angle-dependent reflection properties 

4 of said interface. 
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1 45. The apparatus of claim 44 wherein said interface 

2 transmits most rays of said afferent beam, but reflects most rays 

3 incident from said corner turning structure. 

1 46. The apparatus of claim 45 wherein said angle- 

2 dependent reflection properties of said interface are achieved by 

3 Total Internal Reflection (TIR) . 

1 47. The apparatus of claim 45 wherein said angle- 

2 dependent reflection properties of said interface are achieved by 

3 a thin-film dielectric coating, said coating having an angle- 

4 dependent reflective behavior . 

ffi 1 48. ^1 apparatus for directing around a corner a beam 

£2 2 of light, said beam having divergence half-angle of 90 degrees or 

3 less, while conserving etendue, comprising: 
=sj 4 a first pert adapted to receive said beam of light, 

5 a non-imagikig light guide, connected to said port, and 

6 adapted by means of a^bend to direct said beam of light around 
! 7 7 said corner, \ 

p 8 a second port connected to said non-imaging light 

c1 ^ guide, \ 

10 wherein said non-v^maging light guide comprises a first 

11 curved ref lective^^e-gment ex|:ending along an outside of a turn 

12 around said corner ,\an?rl \ 

13 a second durved reflective segment extending around an 

14 inside of said turn around said\corner, 

15 wherein in any section\parallel to a plane drawn 

\ 

16 through the bend, said first curve-d reflective segment appears as 

\ 

17 a first elliptical section and said^econd curved reflective 

18 segment appears as a second ellipticaJL section. 

\ 

1 49. The apparatus of claim 4^8 wherein every section of 

\ 

2 said apparatus parallel to the plane of the bend is identical and 

3 wherein said non-imaging light guide further comprises an upper 

\ 
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4 surface and a lowej^v surf ace wherein said upper surface and said 

5 lower surface are plamar reflective surfaces. 

1 50. The appap^tus of claim 48, wherein in every 

2 section parallel ''1^^ the >plane of the bend, said first curved 

3 reflective segment y^s of\uch size as to contact said first port 

4 at an outer edge and said second curved reflective surface is of 

5 such size as to contact said :^irst port at an inner edge. 

1 51. The apparatus of claim 2 wherein said non-imaging 

2 optical concentrator is a compound parabolic- concentrator. 

1 52. The apparatus of claim 12 wherein said non-imaging 

2 optical concentrator is a compound parabolic concentrator. 

1 53. The apparatus of claim 16 wherein said non-imaging 

2 optical concentrator is a compound parabolic concentrator. 

yi= 1 54. The apparatus of claim 3 wherein said second non- 

5^' 2 imaging optical concentrator is a compound parabolic 

O 3 concentrator. 



